Basal, neurotransmitter and G protein-mediated [$H]PI hydrolysis was measured in the frontal cortex, temporal cortex, hippocampus and thalamus from suicides, with a firm retrospective diagnosis of depression, and individually matched controls. Suicides were divided into those who had been free of antidepressant drugs for at least 3 months and those in whom prescription of antidepressants was clearly documented. There were no significant differences in basal, GTPγS-, 5-HT-or ACPD-stimulated [$H]PI hydrolysis in either antidepressantfree or antidepressant-treated suicides and their respective controls in the four brain regions studied. This was also the case when suicides were divided into those dying by violent or non-violent means. The two main conclusions from this study are : (i) neurotransmitter-(5-HT and ACPD) stimulated [$H]PI hydrolysis was unaltered in depression, and (ii) antidepressant treatment did not modify PI-mediated signal transduction.
Introduction
Research into the pathophysiology of affective disorders and the mechanism of action of antidepressant drugs has primarily focused on altered monoamine neurotransmission. However extensive studies have failed to prove conclusively abnormalities in neurotransmitter or postsynaptic receptor function. This has led to an examination of post-receptor signal transduction mechanisms. Two important signal transduction mechanisms in the brain are the cAMP system and the phosphoinositide (PI) system. In the PI system, agonist binding to the receptor induces activation of guanine nucleotide-binding (G) proteins to stimulate phospholipase C-mediated hydrolysis of PIs.
Studies of blood platelets provide evidence of alterations in PI signalling in affective disorders. Increased 5-HT and adrenaline-stimulated PI hydrolysis has been reported in platelets of antidepressant-free depressed patients compared to controls (Mikuni et al., 1991 ; Mori et al., 1991) . Antidepressants have also been shown to modify PI signalling in platelets (Pandey et al., 1991 ; Rehavi et al., 1993) . While these studies imply that depression is associated with overstimulation of the PI pathway in platelets, there are clearly limitations to the use of peripheral cells as models of central nervous system (CNS) function.
More direct evidence of altered signal transduction in affective disorders comes from studies in post-mortem human brain tissue. In samples from a small group of subjects with bipolar affective disorder, GTPγS-(guanosine-5h-O-(3-thio)triphosphate) stimulated [$H]PI hydrolysis was reduced by 50 % in the occipital cortex, but unaltered in the frontal and temporal cortex . Reduced GTPγS-stimulated [$H]PI hydrolysis has been also been reported in the frontal cortex (30 % lower) of depressed suicides, although the effects of five neurotransmitter agonists were unaltered . Lower PI-specific phospholipase C activity has also been demonstrated in the prefrontal cortex of teenage suicides (Pandey et al., 1999) .
While these studies provide evidence for a dysfunction in PI signalling in affective disorders, interpretation of data is hampered by small sample size and heterogeneity of psychiatric disorders, as well as inconsistency in brain areas studied. In addition, limited information on psychoactive drug treatment makes it impossible to differentiate the effects of treatment from those of the underlying illness. In the present study we have attempted to address some of these issues. We have measured basal, neuro-transmitter and G protein-mediated [$H]PI hydrolysis in the frontal cortex, temporal cortex, hippocampus and thalamus from suicides with a firm retrospective diagnosis of depression, and individually matched controls. This is the first study in depressed suicides to examine [$H]PI hydrolysis in subcortical regions. Suicides were divided into antidepressant-free and antidepressant-treated subjects to establish if there is impairment of the PI pathway in depression and whether antidepressants modify this pathway. [$H]PI hydrolysis was measured under basal conditions and by direct stimulation of the G protein (GTPγS) and receptor-coupled activation [5-HT and the metabotropic glutamate agonist ACPD (trans-1-aminocyclopentyl-1,3-dicarboxylic acid)]. All measurements were performed concurrently, to allow direct comparison of relative changes. We have chosen 5-HT because it is strongly implicated in depression and ACPD as a control marker because excitatory amino acids have not been shown to have a role in depression.
Methods

Subject selection
Brain tissue was obtained at post-mortem examination from suicide deaths, as recorded at coroners' inquests. Suicides were subjected to retrospective diagnosis by a psychiatrist (C.L.E.K.), using hospital and coroners' records, plus interviews with the subject's medical practitioner. Information on current and previous drug treatment was sought and blood samples obtained at Twenty-six male and 13 female suicides were selected for study. The suicides were subdivided into two groups.
(1) Antidepressant-free suicides. Twenty-five suicides with sufficiently well-documented medical evidence to allow a firm retrospective diagnosis of depression, classified within the groups defined by Beskow et al. (1976) as belonging to group 1 (endogenous depression) and group 2 (depressive syndromes). These subjects had not been prescribed antidepressant drugs within 3 months prior to death and none were found in blood samples taken at post-mortem. Causes of death were classified as violent (hanging, n l 12 ; jumping from height, n l 2; and self-inflicted stab wound, n l 1), or non-violent (drug overdosage, n l 6 ; carbon monoxide poisoning, n l 4).
(2) Antidepressant-treated suicides. Fourteen suicides with the same firm retrospective diagnosis of depression as above, but in whom prescription of antidepressant drugs was clearly documented. Details of drug treatment and causes of death for suicides are presented in Table 1 . Those antidepressant-treated suicides who died by methods other than antidepressant overdose had therapeutic levels of antidepressants in their blood at post-mortem.
Brain tissue was also obtained for 26 male and 13 female control subjects who died suddenly from causes not involving the CNS, and were without documented evidence of mental illness, use or abuse of psychoactive drugs or alcohol abuse. Control subjects were selected on the basis of individual matching for gender, age (59 % within 2 yr, 90 % within 5 yr) and post-mortem delay (PMD ; the delay between death and freezing of the brain at k80 mC) with the suicides. Controls matched to antidepressant-free suicides died from myocardial infarction (n l 18), road traffic accident (n l 2), accidental fall (n l 1), accidental carbon monoxide poisoning (n l 1), accidental drowning (n l 1), ruptured aneurysm (n l 1) and acute asthma (n l 1). Controls matched to antidepressant-treated suicides died from myocardial infarction (n l 11), accidental drowning (n l 1), road traffic accident (n l 1), and acute asthma (n l 1). Samples were coded and assayed blind to subject classification but were arranged such that suicides and controls were assayed concurrently. Tissue availability prevented the study of all brain regions in all subjects.
Tissue collection, dissection and storage
Tissue collection, dissection and storage were as previously described by Cheetham et al. (1988) . The brain areas studied were the frontal cortex [Brodmann area (Ba) 10], temporal cortex (Ba 21\22), hippocampus and thalamus.
Membrane preparation
Membranes were prepared according to the method of Wallace and Claro (1993) . An aliquot was removed for protein analysis using the method of Lowry et al. (1951) .
[
H]PI hydrolysis assay
The assay was based on the method of Jope et al. (1996) and was performed in quintuplicate. Stimulants (1 and 2.5 m 5-HT, 1 and 2 m ACPD, or 3 µ GTPγS) and reagents for the reaction buffer were prepared in advance and stored frozen in individual aliquots to minimize dayto-day variation.
Statistical analysis
Agonist-(5-HT or ACPD) stimulated [$H]PI hydrolysis was performed in the presence of 3 µ GTPγS to maintain receptor-coupled G protein-mediated PLC activation.
Values are expressed as nmol [$H]PI hydrolysed\mg protein;h. Differences between means were tested for statistical significance using paired Student's t test with Bonferroni correction for multiple comparisons. Bonferroni correction was calculated by multiplying the observed p value from the significance tests by the number of t tests (k), any k p which exceeded 1 was classified as not significant. Any k p less than 0.05 was classified as significant at the 0.05 level (Bland, 1995) .
Relationships between basal and stimulated [$H]PI hydrolysis and age and post-mortem delay were examined by Pearson's correlations on the combined suicide and control groups.
All tests were performed using GraphPad Prism version 3.00 (GraphPad Software, San Diego, California, USA).
Results
Antidepressant-free suicides and controls
Age and post-mortem delay did not differ significantly between antidepressant-free suicides and their matched controls (Table 2) . Basal and stimulated [$H]PI hydrolysis did not differ between antidepressant-free suicides and controls in the frontal cortex, temporal cortex, hippocampus and thalamus (Table 3) .
When antidepressant-free suicides were divided on the between [$H]PI hydrolysis and age and post-mortem delay in the frontal cortex and age and post-mortem delay in the temporal cortex (Table 4) . No significant correlations were found in the hippocampus or thalamus.
Antidepressant-treated suicides and controls
Age and post-mortem delay did not differ significantly between antidepressant-treated suicides and their matched controls (Table 5) . Basal and stimulated [$H]PI hydrolysis did not differ between antidepressant-treated suicides and controls in the frontal cortex, temporal cortex, hippocampus and thalamus (Table 6 ). When only those subjects who had received antidepressant treatment for 11 wk or longer were considered, basal and stimulated [$H]PI hydrolysis again did not differ between suicides and controls in any of the regions studied.
Correlations were examined between [$H]PI hydrolysis and age and post-mortem delay in the combined groups of antidepressant-treated suicides and controls (Table 4) . Significant correlations were found between stimulated [$H]PI hydrolysis and age in the frontal cortex and temporal cortex. No significant correlations were found between [$H]PI hydrolysis and age or post-mortem delay in the hippocampus and thalamus.
Discussion
The most important finding of this study was the lack of difference in basal and stimulated [$H]PI hydrolysis in 4 brain regions of a group of carefully selected depressed suicides, free of psychoactive drugs and well-matched controls. This lack of difference is in broad agreement with the only comparable study to date . These authors examined 5-HT-, carbachol-, 2-methylthioadenosine triphosphate-(2mATP), ACPD-, histamine-and fluoride-stimulated [$H]PI turnover in two cortical areas (Ba 10 and Ba 8\9) from retrospectively diagnosed depressed suicides and controls. They found no differences between suicides and controls.
The results may be influenced by the method of suicide. This is traditionally examined by the division of suicides into those dying by violent and non-violent methods. However, no significant differences were found when suicides were divided on this basis. There was a trend for 5-HT-stimulated [$H]PI hydrolysis to be lower in the frontal cortex of violent suicides than in controls. A similar trend was also seen with ACPD stimulation. These findings are also compatible with those of Pacheco et al. (1996) .
The second most important finding of this study was that basal and stimulated [$H]PI turnover was not altered by antidepressants. This is the first study to examine the effects of antidepressants on [$H]PI turnover in postmortem tissue. Interpretation of the results needs to be treated with caution. The nature of the treatment was varied, though mostly involving tricyclic antidepressants. The duration of treatment was also variable, ranging from 4 wk to over 1 yr. It could be argued that treatment for as little as 4 wk may have been insufficient for maximum effects to develop. However, when the subjects were restricted to those that had received treatment for 11 wk or longer, again no differences were found between suicides and controls. The potential confounding effects of medications other than antidepressants cannot be excluded. Pacheco et al. (1996) reported significantly lower (by 30 %) GTPγS-stimulated [$H]PI hydrolysis in depressed suicides than controls in Ba 10. In contrast we found no differences in the frontal cortex or the other regions studied. Possible reasons for these different findings include age, post-mortem delay and drug treatment. Subjects in the present study were on average 10 yr younger than those studied by Pacheco et al. (1996) , although in both studies subjects were well matched for age. The post-mortem delays were much shorter (16p2 h) in the study of Pacheco et al. (1996) than the present study (39p4 h). It is unlikely that these two factors account for the difference between the studies as no significant correlations were found in the present study between age or post-mortem delay and GTPγS-stimulated [$H]PI hydrolysis. Pacheco et al. (1996) studied 7 subjects who had been receiving psychoactive medication (mostly antidepressants) prior to death. The present study was designed to specifically examine the effects of antidepressant treatment, and no effects on GTPγS stimulation were found. Therefore the difference is unlikely to be due to the inclusion of drug-treated subjects in the study of Pacheco et al. (1996) . Thus the reason for the different findings in respect of GTPγS-stimulated [$H]PI turnover remains unclear.
Consistent negative correlations were found in the present study between age and 5-HT-, and ACPDstimulated [$H]PI hydrolysis in cortical but not subcortical areas. These findings agree with those of Greenwood et al. (1995) who reported significant negative correlations between age (19-100 yr) and agonist-(5-HT and ACPD) stimulated [$H]PI hydrolysis in the prefrontal cortex from control subjects. The relationship between age and [$H]PI hydrolysis may in part be due to age-related changes in the numbers of receptors (e.g. see Lowther et al., 1994) . Age-related changes in the concentration of G α q/"" may also contribute to the negative correlation between age and [$H]PI hydrolysis (Greenwood et al., 1995) . It is unlikely that age-related effects will have influenced the interpretation of the results since our subjects were closely matched for age on an individual basis (90 % within 5 yr).
In conclusion, the current study provides no support for the view that neurotransmitter (at least 5-HT acting via 5-HT # receptors and glutamate acting by metabotropic receptors) mediated PI hydrolysis is altered in depressed suicides. The present findings are in broad agreement with the only comparable study . The present study also offers no support for the view that antidepressant treatment modifies PI-mediated signal transduction.
